ヒラメにおける3種の新規CCケモカイン遺伝子の同定および遺伝子発現解析 by 鄒 剛剛
TUMSAT-OACIS Repository - Tokyo University of Marine Science and Technology (東京海洋大学)
Cloning and expression analysis of three novel
CC chemokine genes from Japanese flounder
Paralichthys olivaceus
学位名 修士(海洋科学)
学位授与機関 東京海洋大学
学位授与年度 2014
URL http://id.nii.ac.jp/1342/00001332/
Master’s Thesis
CLONINGAND EXPRESSION ANALYSIS OF THREE
NOVELCC CHEMOKINE GENES FROM JAPANESE
FLOUNDER Paralichthys olivaceus
September 2014
Graduate School of marine Science and Technology
Tokyo University of Marine Science and Technology
Master Course of Marine Life Sciences
ZOU GANGGANG

Master’s Thesis
CLONINGAND EXPRESSION ANALYSIS OF THREE
NOVELCC CHEMOKINE GENES FROM JAPANESE
FLOUNDER Paralichthys olivaceus
September 2014
Graduate School of marine Science and Technology
Tokyo University of Marine Science and Technology
Master Course of Marine Life Sciences
ZOU GANGGANG
Contents
Abstract .................................................................................................. i
1. Introduction ...................................................................................... 1
1.1 Japanese flounder...................................................................................1
1.2 Cytokines..............................................................................................2
1.3 Chemokines...........................................................................................3
1.4 Objective...............................................................................................5
2. Materials and methods ...................................................................... 6
2.1 Cloning of Japanese flounder CC chemokine genes .................................... 6
2.2 Expression analysis of three novel CC chemokine genes in healthy fish .......... 6
2.3 Gene expression of three novel CC chemokines after pathogens infection ....... 7
3. Results .............................................................................................. 8
3.1 Japanese flounder CC chemokine cDNA and genes .................................... 8
3.2 Phylogenetic analysis ............................................................................ 8
3.3 Constitutive expression of the CC chemokines in vivo ................................. 9
3.4 CC chemokine genes expression upon stimulation with pathogens ................ 9
4. Discussion ......................................................................................... 10
4.1 Cloning and sequence analysis of the CC chemokine genes ..........................10
4.2 Expression analysis of CC chemokine genes in Japanese flounder ................ 11
4.3 CC chemokine genes expression analysis in response to pathogens infection .. 12
5. Conclusion ........................................................................................ 13
6. Acknowledgments ............................................................................ 29
7. Reference .......................................................................................... 31
iAbstract
Chemokines are small cytokines secreted by various cell types. They not only function in cell
activation, differentiation and trafficking, but they also have influences on many biological
processes. According to the arrangement of the first two cysteine residues in their sequence, the
chemokines are divided into four subfamilies: CXC, CC, CX3C and C. Recently, a new subfamily
of chemokines which named CX was described in zebrafish. CC chemokines constitutes the
largest group of chemokines in mammals with 28 CC chemokines have been identified. However,
in teleost fish CC chemokines, most efforts have been directed at cloning and phylogenetic
analysis and only few studies have dealt with their functions in the immune response.
Three novel CC chemokine genes Paol-SCYA105, 106 and 107 in Japanese flounder
(Paralichthys olivaceus) were cloned and characterized. Paol-SCYA105, Paol-SCYA106 and
Paol-SCYA107 they have between 59 and 67% amino acid sequence identities with their closest
matches in the databases. Amino acid sequences alignment of three novel CC chemokines with
other CC chemokines shows that four cysteine residues are conserved. A phylogenetic tree showed
Paol-SCYA105, Paol-SCYA106 and Paol-SCYA107 are genetically closest to CCL17/22, CCL19
and CCL27/28 clade, respectively. The gene structure of Paol-SCYA105 and Paol-SCYA107
consist of 3 exons and 2 introns. Paol-SCYA106 consists of 4 exons and 3 introns. Paol-SCYA105
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transcripts were expressed mainly in gill, kidney and spleen, weakly in brain and skin but not
in the liver or muscle. Paol-SCYA106 was expressed in all tissues examined. Paol-SCYA107 was
expressed in the spleen, kidney and gill. In response to VHSV, Paol-SCYA105 expression was
significantly increased at 3 day post infection (dpi). Paol-SCYA106 expression was up-regulated
at 3 and 6 dpi. Paol-SCYA107 expression peaked at 6 dpi. In response to infection by E. tarda,
three novel CC chemokines only Paol-SCYA106 was up-regulated. In response to infection by S.
iniae, Paol-SCYA 106 expression peaked at 1dpi.
In this study, I reported three novel CC chemokines Paol-SCYA105, Paol-SCYA106 and
Paol-SCYA107 in Japanese flounder. Sequencing alignment and genomic structure analysis
suggest that the three CC chemokine represent novel members of the CC chemokine family in
Japanese flounder. The expressions of two of the chemokine genes were tissue-specific. These
chemokines have a role in the immune response against viral and bacterial infection, especially
VHSV infection.
11. Introduction
1.1 Japanese flounder
Japanese flounder (Paralichthys olivaceus) is a large flatfish and one of important fishes in
the coastal fisheries of Japan [1]. The aquaculture production of Japanese flounder have
significantly increased in the past three decades. In 2012, the global aquaculture production was
almost 42 thousands tonnes (Figure 1). With the development of aquaculture, there is one severe
disadvantage is that fish become susceptible to infectious agents, like viral hemorrhagic
septicemia virus infection and it caused high mortality [2]. Therefore, more research to
understanding the flounder immune system is very important.
Figure 1 Global Capture/Aquaculture Production for Paralichthys olivaceus (tonnes) (FAO, 2014)
21.2 Cytokines
Cytokines are small proteins and they are involved in almost every biological process
including non-specific responses to infection, specific response to antigen, embryonic
development, stem cell differentiation, cell proliferation and cell migration [3, 4]. Conventionally,
cytokines are divided into different families like interleukins (IL) family, tumor necrosis factors
(TNF) family, interferons (IFN) family, colony stimulating factors (CSF) family and chemokines
family [5]. Cytokines are produced by T lymphocytes, B lymphocytes, macrophages, granulocytes,
mast cells, epithelial cells and dendritic cells, for example, macrophages can secret IL-1, IL-6,
IL-12, TNFα, and chemokines such as IL-8 and MCP-1, all of which are indispensable for cells
recruitment to the infected tissues [6] (Figure 2). Cytokines can bind to their corresponding
receptors through autocrine or paracine manner to modulate immune responses [7].
Different cytokines have different functions and several cytokines have been identified.
For example, in some teleost species, TNF-α has a high constitutive expression in different tissues
of healthy fish and it is mainly involved in the recruitment of leukocytes to the inflammatory site
[8, 9, 10, 11, 12]. Meanwhile, IL-1β is one of earliest expressed pro-inflammatory cytokines and is
involved in the regulation of immune relevant genes, leucocytes migration, lymphocyte activation
and bactericidal activities [13, 14, 15, 16, 17, 18]. IL-8 is an important chemokine belonging to the
3CXC chemokine subfamily and is involved in pro-inflammatory process and attract neutrophils, T
lymphocytes and basophils [19, 20, 21, 22].
Figure 2 Interaction of antigen presenting macrophages and other cells with cytokines (BioCarta)
1.3 Chemokines
Chemokines are small molecular weight cytokines that induce chemotaxis in different cells,
such as lymphocytes, monocytes and neutrophils [23]. Chemokines are usually classified as
inflammatory or homeostatic depending on their functions [24]. Inflammatory chemokines are
inducible and typically promote leukocyte migration to injured sites which is critical for the innate
4immune system. Homeostatic chemokines are expressed constitutively and generally involved in
lymphocyte trafficking, immune surveillance and cell localization in the lymphatic tissues [25, 26].
Depending on the number and arrangement of the first two conserved cysteine residues (C) in the
amino terminus, chemokines are divided into four subfamilies: CXC, CC, C and CX3C (where X
means any amino acid) [27] (Figure 2). CXC chemokines mainly act on neutrophils and
lymphocytes while CC chemokines target macrophages, eosinophils, lymphocytes and dendritic
cells. C and CX3C chemokines primarily target lymphocytes [28]. Recently, a new subfamily of
chemokines which named CX was described in zebrafish [29].
Figure 3 Structure of chemokines (Kohidai and Laszlo, 2006)
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being identified [30] and many others in fish. Generally, CC chemokines contain four cysteine
residues, but some have six cysteine residues, such as CCL28 in human [31]. CC chemokines can
be divided into several groups according to functional and sequence similarity, such as allergenic,
pro-inflammatory, haemofiltrate CC chemokine (HCC), developmental and homeostatic [24]. The
first fish chemokine reported was CK-1 from rainbow trout [32]. To date, a large number of CC
chemokines from fish have been discovered in channel catfish (Ictalurus punctatus) [33, 34],
Atlantic cod (Gauds morhua) [35], rainbow trout (Oncorhynchus mykiss) [36], gilthead seabream
(Sparus aurata) [28] and large yellow croaker (Pseudosciaena crocea) [37, 38]. Four type of CC
chemokines in Japanese flounder (Paralichthys olivaceus) have been identified during the past
few years. They are play an important role in the fish immune system [39, 40, 41, 42]. In this
study we named them as Paol-SCYA101, Paol-SCYA102, Paol-SCYA103, and Paol-SCYA104,
following Pestman et al [43].
1.4 Objective
In this study, we cloned and characterized three novel CC chemokine genes in Japanese
flounder which were designated as Paol-SCYA105, Paol-SCYA106 and Paol-SCYA107,
respectively. We also studied the tissue distributions of three novel CC chemokine mRNA and
analyzed their expression pattern upon infection with a virus and two species of bacteria.
62. Materials and methods
2.1. Cloning of Japanese flounder CC chemokine genes
Total RNA was extracted from kidney of Japanese flounder using RNAiso reagent (Takara
Bio). Full length cDNA sequences were obtained by SMART RACE cDNA amplification
following the manufacturer’s instructions (Clontech). Three novel CC chemokine EST sequences
of Japanese flounder were obtained from a previous study [44]. Primer sets were designed,
according to the EST sequences (Table 1). On the basis of the full-length cDNA sequence, the
deduced amino acid sequences were analyzed using BLAST (http://www.ncbi.nlm.nih.gov/blast/).
Multiple sequence alignments were done in DNAMAN program (Lynnon). A phylogenetic tree
based on deduced amino acid differences was constructed by MEGA4.0 software using
neighbor-joining method [45]. To identify CC chemokine gene sequence, genomic DNA was
extracted from kidney of Japanese flounder using phenol-chloroform extraction methods. Primers
used in PCR reactions were listed in Table 1. Exon/intron junctions were deduced according to
cDNA sequence and gene sequence alignments.
2.2 Expression analysis of three novel CC chemokine genes in healthy fish
Various tissues including gills, spleen, brain, kidney, liver, skin and muscle, were obtained
from three apparently healthy fish. Total RNA was extracted using RNAiso reagent (Takara Bio).
cDNA was synthesized from 2μg of each total RNA using M-MLV reverse transcriptase
7(Invitrogen). One microliter of cDNA was used as template for PCR amplification, and RT-PCR
was performed with the primer sets (Table 1) under the following PCR conditions: pre-denatured
at 95℃ for 5min, then amplified for 32 cycles at 95℃ for 30s, 52℃ for 30s, 72℃ for 30s and a
final extension at 72℃ for 5min. β-actin was used as a positive control. RT-PCR products were
analyzed by electrophoresis on 1% agarose gel.
2.3 Gene expression of three novel CC chemokines after pathogens infection
Healthy Japanese flounder juveniles (average wt. 26 g) were challenged with a Gram-positive
bacteria, Streptococcus iniae (S. iniae), Gram-negative bacteria, Edwardsiella tarda (E. tarda),
and viral hemorrhagic septicemia virus (VHSV) at 1.8×106 CFU/ml, 3.5×106 CFU/ml and 105
TCID50/ml, respectively. Kidneys were collected from three fish at 0, 1, 3 and 6 days post
infection. RNA extraction and cDNA synthesis were performed as described above. Quantitative
real time PCR was performed using Thunderbird SYBR qPCR mix (Toyobo) on ABI7300
real-time PCR system (Applied Biosystems) according to the manufacturer’s protocol. The primer
sets for Q-PCR were designed using Primer Express Software (Applied Biosystems). β-actin was
used as a internal control. The expression levels of the target gene were normalized to the
expression level of β-actin, and were expressed as fold change relative to the level of the control
group. The significant difference between 0 day and other time points were performed using
Student’s t-test.
83. Results
3.1 Japanese flounder CC chemokine cDNA and genes
In this study, we cloned three novel CC chemokines of Japanese flounder and designating
them as Paol-SCYA105, Paol-SCYA106 and Paol-SCYA107, respectively. They have between 59
and 67% amino acid sequence identities with their closest matches in the databases (Table 2).
Among seven CC chemokines in Japanese flounder showed low amino acid sequence identities
with each others by homology comparison (data not shown). An alignment of these and other CC
chemokines shows that four cysteine residues are conserved (Fig. 1). Paol-SCYA105 (accession
no. AB937785) and Paol-SCYA107 (accession no. AB937789) consist of 3 exons and 2 introns
(Fig. 2). Three of the conserved cysteine residues are located in the second exon and one is located
in the third exon (Fig. 2). Paol-SCYA106 (accession no. AB937787) consists of 4 exons, 3 introns
and two additional cysteine residues, located at 2nd and 4th exons (Fig. 2).
3.2 Phylogenetic analysis
A phylogenetic tree was constructed based on the deduced amino acid sequences of CC
chemokines from Japanese flounder and other vertebrate CC chemokines (Fig. 3). In the tree,
seven clades were named as Fish CC clade, CCL27/28 clade, CCL19 clade, CCL16/20/21/25
clade, CCL17/22 clade, CCL1 clade and CCL24 clade, based on their mammalian membership. It
showed that Paol-SCYA105, Paol-SCYA106 and Paol-SCYA107 are genetically closest to
9CCL17/22 clade, CCL19 clade and CCL27/28 clade, respectively. These seven CC chemokines in
Japanese flounder showed a complex pattern of divergence.
3.3 Constitutive expression of the CC chemokines in vivo
Paol-SCYA105 transcripts were expressed mainly in gill, kidney and spleen, less in brain and
skin but not in the liver or muscle. Paol-SCYA106 was expressed in all tissues examined.
Paol-SCYA107 was expressed in the spleen, kidney and gill. Paol-SCYA101 and Paol-SCYA102
were highly expressed in spleen, gill and kidney and not in muscle. Paol-SCYA103 and
Paol-SCYA104 had constitutively expression in immune-related organs and cells (Fig. 4).
3.4 CC chemokine genes expression upon stimulation with pathogens
The effects of pathogens on CC chemokine expression in Japanese flounder are shown in
Fig. 5. Paol-SCYA106, Paol-SCYA102 and Paol-SCYA103 shared consistent expression patterns
after pathogen infection. Paol-SCYA105 and Paol-SCYA106 also showed consistent expression
patterns after pathogen infection. Paol-SCYA107 and Paol-SCYA101 showed different expression
patterns with other chemokines. In response to VHSV, Paol-SCYA105 expression was
significantly increased at 3 day post infection (dpi) (Fig. 6). Paol-SCYA106 expression was
up-regulated at 3 and 6 dpi (Fig. 7), while Paol-SCYA107 expression peaked at 6 dpi (Fig. 8). The
expressions of Paol-SCYA101 (Fig. 9), Paol-SCYA102 (Fig. 10) and Paol-SCYA103 (Fig. 11)
peaked at 3 dpi. Paol-SCYA104 expression, however was not significantly increased (Fig. 12). In
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response to infection by E. tarda, only one of the three new CC chemokines, Paol-SCYA106, was
up-regulated (Fig. 7). Its expression was highest at 6 dpi as was the case with Paol-SCYA102 and
Paol-SCYA103. In response to infection by S. iniae, Paol-SCYA 106 expression peaked at 1dpi
(Fig. 7), consistent with Paol-SCYA102 and Paol-SCYA103.
4. Discussion
4.1 Cloning and sequence analysis of the CC chemokine genes
We identified three novel CC chemokines in Japanese flounder. The three novel CC
chemokines showed high amino acid sequence identities with other known fish CC chemokines
and their deduced amino acid sequences possess four conserved cysteines, which are important for
tertiary structure and function [24]. Paol-SCYA105 and Paol-SCYA107 have 3 exons. The
exon/intron boundaries are similar to those of the most CC chemokine genes. Paol-SCYA106 gene
structure is similar to the CC chemokines of Paol-SCYA101, Trout CK1 and mammalian C6-CC
chemokine. However, in mammalian C6-CC chemokine, the additional cysteines are located at the
C-terminus and are considered to form an additional cysteine loop [46]. In this study, the CCL19,
CCL17/22 and CCL27/28 clades in the phylogenetic tree were supported by Peatman and Liu [33].
Three novel CC chemokines were distributed to different clades and most closely related to the
CC chemokines of other fish. There is no consistent nomenclature for non-mammalian CC
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chemokines [47] and it is still difficult to compare teleost CC chemokines with each other. Seven
CC chemokine in Japanese flounder showed low identities with each other, consistent with CC
chemokines in trout [36] and catfish [43]. The highly divergent sequences may not support a
reliable phylogenetic analysis for establishment of orthologies [34]. Functional analysis as an
additional method will indicate more relationships between CC chemokines of teleosts.
4.2 Expression analysis of CC chemokine genes in Japanese flounder
The chemokine mRNA expression patterns are important to clarify the immune response
mechanisms and disease control [48]. In this study, the majority of the CC chemokine genes were
highly expressed in gills and immune-related organs (kidney and spleen). The kidney and spleen
are major lymphoid organs in teleosts, where included a large number of immune cells like
macrophages and lymphocytes, which might be the reason why CC chemokines were highly
expressed in these tissues [39, 49, 50]. In gills, that might be because it serves as a barrier to the
entry of pathogens and it contains leukocytes responsible for local immune responses [51].
Paol-SCYA106, Paol-SCYA101, Paol-SCYA102, Paol-SCYA103 and Paol-SCYA104, were
consistently expressed in most tested tissues. The expression results of Paol-SCYA101,
Paol-SCYA103 and Paol-SCYA104 were consistent with previous studies. These results indicated
possible homeostatic functions of CC chemokines in immunosurveillance more than the better
known functions of chemotactic attraction of leukocytes in immune related tissues [34, 52]. This
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ubiquitous expression pattern has also been reported in other fish CC chemokines, like LycCC
chemokine in large yellow croaker [38], Mimi-CC chemokine in miiuy croaker [53] and 14
chemokine in catfish [34]. However, Paol-SCYA105 and Paol-SCYA107 appeared tissue specific
expression and expressed highly in immune-related tissues, suggesting their specific roles in
inflammatory responses.
4.3 CC chemokine genes expression analysis in response to pathogens infection
Chemokines have a vital role in the innate immune response and they have been shown to be
important for elimination of many types virus and bacteria [54, 55, 56, 57, 58]. Time-course
expression analysis showed that Paol-SCYA106 expression in kidney was obviously up-regulated
and reached relative high peak levels by VHSV, E. tarda and S. Iniae at day3, 6 and 1, respectively,
and then followed by a decrease, consistent with Paol-SCYA102 and Paol-SCYA103. These results
suggest Paol-SCYA106 have same functions with Paol-SCYA102 and Paol-SCYA103 and
supports a potential inflammatory function for Paol-SCYA106. E. tarda and S. iniae produced no
significant effect and only VHSV was capable of significantly up-regulating the levels of
expression of Paol-SCYA105, Paol-SCYA107 and Paol-SCYA101. This result is consistent with
CK3, CK7, CK8 and CK10 CC chemokines in gilthead seabream [28]. However, the expression of
Paol-SCYA104 was not significantly changed in kidney after viral and bacteria infection and is
different from other CC chemokines. We also found that VHSV appeared to be more potent than
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bacteria in up-regulating the three novel CC chemokine expression and that some non-chemokine
immune genes such as IL-1β and TNF-α have a greater immunostimulatory effect in response to
bacteria than viral infection [59,60]. The differences in expression patterns of the CC chemokines
may be due to functional differences in innate immune responses. Similar differences in the
expressions of CC chemokines were observed in response to different stimuli in trout [61] and large
yellow croaker [37,38].
5. Conclusion
In this study, we reported three novel CC chemokines Paol-SCYA105, Paol-SCYA106 and
Paol-SCYA107 in Japanese flounder. Sequence alignment and genomic structure analysis suggest
that the three CC chemokine represent novel members of the CC chemokine family in Japanese
flounder. The expressions of two of the chemokine genes were tissue-specific. These chemokines
appear to have a role in the immune response against viral and bacterial infection, especially
VHSV infection.
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Fig. 1. Alignment of deduced amino acid sequences of Japanese flounder CC chemokines
identified in this study (Paol-SCYA105, 106 and 107) with other known fish CC chemokines by
DNAman program. The four conserved cysteine residues are shown in black background. Other
partly conserved residues are shown in a gray background (>50% aa sequence identities). Gene
Bank accession Numbers: Paol-SCYA105, AB937786; Paol-SCYA106, AB937788;
Paol-SCYA107, AB937790; Paol-SCYA101, AB070836; Paol-SCYA102, AB427185;
Paol-SCYA103, AB111860; Paol-SCYA104, AB080612; Orange spotted grouper CCL4,
AFN58329; Zebrafish eotaxin-like, XP-004542516; Silver cod CC19 precursor, ACQ57919;
Orange spotted grouper CC2, AEA39657; Rock bream CC1, BAM34025; Gilthead sea bream
CK3, ADE58986; Fugu CC14-like, XP-003966784.
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Fig. 2. Gene structures of Japanese flounder Paol-SCYA105, 106 and 107 from start codon to stop
codon. Boxes indicate exon-coding regions, while bars indicate introns. Numbers indicate the
lengths of exons and introns in bp. The relative positions of the conserved cysteine residues are
shown.
16
17
Fig. 3. Phylogenetic tree based on genetic distances of the deduced amino acid sequences of CC
chemokines from Japanese flounder and other vertebrate CC chemokines by MEGA4.0 software
using neighbor-joining method. The number on nodes represent the confidence level of 1000
bootstrap replications. The gene bank accession numbers used in this study are as follows:
Japanese flounder (SCYA101, AB070836; SCYA102, AB427185; SCYA103, AB111860;
SCYA104, AB080612; SCYA105, AB937786; SCYA106, AB937788; SCYA107, AB937790);
oncorhynchus mykiss (CK1, AF093802; CK2, AF418561; CK3, AJ315149; CK4A,CA371157;
CK4B, CA352593; CK5A, CA383670; CK5B, CA374135; CK6, CA355962; CK7, CA346976;
CK8B, CA353159; CK9, CA378686; CK10, CA361535; CK11, BX072681; CK12A, CA358073;
CK12B, CA346383); Human (CCL1, EAW80204; CCL2, AAH09716; CCL3, AAI71891; CCL4,
AAI04228; CCL5, EAW80120; CCL7, EAW80210; CCL8, AAI26243; CCL11, EAW80209;
CCL13, AAH08621; CCL14, AAH38289; CCL15, AAI40942; CCL16, EAW80114; CCL17,
EAW82921; CCL19, EAW58416; CCL20, AAH20698; CCL21, EAW58415; CCL22, AAH27952;
CCL23, AAI43311; CCL24, EAW71772; CCL25, AAI30562; CCL26, EAW71771; CCL27,
EAW58421; CCL28, AAH62668); Catfish (Icfu-SCYA101, DQ173276; Icfu-SCYA102,
DQ173277; Icfu-SCYA103, DQ173278; Icfu-SCYA104, DQ173279; Icfu-SCYA106, DQ173280;
Icfu-SCYA107, DQ173281; Icfu-SCYA108, DQ173282; Icfu-SCYA109, DQ173283;
Icfu-SCYA110, DQ173284; Icfu-SCYA111, DQ173285; Icfu-SCYA112, DQ173286;
Icfu-SCYA113, DQ173287; Icfu-SCYA114, DQ173288; Icfu-SCYA115, DQ173289;
Icfu-SCYA116, DQ173290; Icfu-SCYA117, DQ173291; Icfu-SCYA118, DQ173292;
Icfu-SCYA119, DQ173293; Icfu-SCYA120, DQ173294; Icfu-SCYA121, DQ173295;
Icfu-SCYA122, DQ173296; Icfu-SCYA124, DQ173297; Icfu-SCYA126, DQ173298); Orange
spotted grouper CCL4, AFN58329; Zebrafish eotaxin-like, XP-004542516; Silver cod CC19
precursor, ACQ57919;
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Fig. 4. CC chemokine gene expression in various tissues detected by RT-PCR. β-actin was used as
a positive control.
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Fig. 5. mRNA expressions of novel CC chemokine genes in Japanese flounder kidney after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. CC chemokine gene expression
patterns are alignment by Cluster3.0. All data were normalized to β-actin and are expressed as
fold-induction relative to the control.
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Fig. 6. mRNA expressions profiles of Paol-SCYA105 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
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Fig. 7. mRNA expressions profiles of Paol-SCYA106 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
**
**
**
*
*
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Fig. 8. mRNA expressions profiles of Paol-SCYA107 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
**
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Fig. 9. mRNA expressions profiles of Paol-SCYA101 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
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Fig. 10. mRNA expressions profiles of Paol-SCYA102 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
**
**
*
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Fig. 11. mRNA expressions profiles of Paol-SCYA103 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
**
**
**
**
*
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Fig. 12. mRNA expressions profiles of Paol-SCYA104 gene in kidney of Japanese flounder after
challenge with VHSV, E. tarda and S. iniae for 0, 1, 3 and 6 day. All data were normalized to
β-actin and data were expressed as fold change relative to control. Error bars indicate standard
deviation of the mean, (*) represents p<0.05; (**) represents p<0.01.
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Table 1. Primers of CC chemokine genes in Japanese flounder used in this study.
Primer Purpose primer sequence(5 '-3 ')
Paol-SCYA101 F RT-PCR ATGTGGACTCTTTCTGCC
Paol-SCYA101 R TTAAGTCGTCGACACGTCT
Paol-SCYA102 F ATGGTCTACTCTGGAAGC
Paol-SCYA102 R CTACTCGTTGCTGCCTTCT
Paol-SCYA103 F ATGCAGCTTTGCATCAAAAG
Paol-SCYA103 R CTATGAGCTGGAGGTTGTCGT
Paol-SCYA104 F ATGAGGCCCCTTCAGGTC
Paol-SCYA104 R TTAAAAATGTTTTTCATCC
Paol-SCYA105 F RT-PCR/Full-length cloning GGGAACACATACGTTTCAGGA
Paol-SCYA105 R CATAACTGGATCGCATCCTTG
Paol-SCYA105 F ' Full-length cloning GTTTGGAAAGTGAATCTG
Paol-SCYA105 R ' ACCTTGTCCTCGGGCAGT
Paol-SCYA106 F RT-PCR/Full-length cloning ACTTCACCAGCTCAGCAACC
Paol-SCYA106 R GAATTGCAATGACCCGATG
Paol-SCYA106 F ' Full-length cloning AGTGGAACTGTGGGTG
Paol-SCYA106 R ' ATGGGAACCTGTGCTGAT
Paol-SCYA107 F RT-PCR/Full-length cloning CACCATACCTTTTCTTAGCCTGAC
Paol-SCYA107 R CTGCTTTGCAATAACTCAGTGG
β-actin F RT-PCR TTTCCCTCCATTGTTGGTCG
β-actin R GCGACTCTCAGCTCGTTGTA
RT-Paol-SCYA101 F Real-time PCR GCACGCCTACCTGATTGAAAC
RT-Paol-SCYA101 R GCGGCCTCTGGATCGAT
RT-Paol-SCYA102 F CGCTCCGTGGGTTCGA
RT-Paol-SCYA102 R GGAGTGGACTGAGCTCTTGCTT
RT-Paol-SCYA103 F GCGTCCGCGCTGTCATAT
RT-Paol-SCYA103 R TGTTTCCAGTGGCTGCAGATT
RT-Paol-SCYA104 F CGAAGACGGGCGTCATTTTA
RT-Paol-SCYA104 R TGGACATCTGGATCCACACAGA
RT-Paol-SCYA105 F GGTTCCGGCCCAAAGAAG
RT-Paol-SCYA105 R CCTTGTCCTCGGGCAGTTT
RT-Paol-SCYA106 F TGGGTCCAGGCAGTGATGA
RT-Paol-SCYA106 R TCCCGGTCTTCCTGCACTT
RT-Paol-SCYA107 F CAAGACGATAAAAGGCAAAAGGA
RT-Paol-SCYA107 R CATGCTCGACTTTGTCCACTGA
RT-β-actin F TGATGAAGCCCAGAGCAAGA
RT-β-actin R CTCCATGTCATCCCAGTTGGT
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Table 2. Summary of sequence similarities of the Japanese flounder CC chemokines.
CC
chemokine
Accession
numbers Homologous gene (Species / Accession numbers)
E
value
Amino acid
identify References
Paol-SCYA105 AB937786 CC ligand 4 (Epinephelus coioides / AFN58329) 9e-40 67% In this study
Paol-SCYA106 AB937788 CC19 precursor (Anoplopoma fimbria / ACQ57919) 1e-35 66% In this study
Paol-SCYA107 AB937790 eotaxin-like (Maylandia zebra / XP-004542516) 7e-33 59% In this study
Paol-SCYA101 AB070836 - - - [18]
Paol-SCYA102 AB427185 - - - -
Paol-SCYA103 AB111860 - - - [17]
Paol-SCYA104 AB080612 - - - [16]
AU090535 - - - [19]
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